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ABSTRACT

A Propooad -thod for

Remoto Thermometry in Turbiw Snginoo

B. W. Nod
Los Alamcw National Laboratory, LOS AIZS, NH 87S45

N. R. Catem ●nd S. W. Allison
Oak Ridge Caoaous Diffusion Plant, Oak Ridga, TN 37831

H. M. Boralla, L. A. Franks, ●nd B. R. Harshall
EC6G Santa Barbara Operations, Goltta, CA 93117

Introduction— .

A method dcvelopad rccantly

1,2●tins gao cantrifus~s my bo
9

for maaaurins tomporaturos rdmotoly in opm-

●daptabla to similar maasurmonts in oporat-

ing turbine ●gino..’ Tha method uaam laaar-inducsd fluoroacanca (LIF) from

a pulsed uv lasar to ●xcite a rara-cart+oxida phosphor thtt is bondad in ●

thin layer to tho .urfaca to b. maasurad. fio luminaacant decay timm of

lirma ●rc wsll-bchavad function. of tompcratura. ThaaG lines

usad to maaoura tha tamparaturo with conaidarablo accuracy

the contrifuao, naar row tomparaturo).

Tho first quomtions to b. mmmrad in ● study ●a the followins.

1. 1. ther~ ● pho.phor whosa LIF is uaabla ●t tha daairad tamp~rstura?

2. If SO, IS it chemically rionraactiva ●t that tmporatura ●nd atablo

ovar mditipl~ tamparaturo cyc19s?

3.

turbina

apaed?

If thar~ ● ●uitabla way to bond tha phosphor to tho ●lloys usad in

●nSinaa ●uch that it will ●dnara throuch tamporatura cycling ●nd at
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Givan positive ●nawers to them qustions, thero remain many anginmaring qu@s-

tioma to b considered latar.

In this papm w discus. initial expmimental ramlta on the first question

md ●poculato ●but ●newra to tho other two quostiona.

Expariwmtal T6chniqua and Results

An axparknt was oat up. ●s shown in Fig. 1, to measurt the decay lifatime

of tha 612-nm lino ●mittad from LIF of europium-dopau yttrium oxid~ over the

ranga from 300”C to tho maximum obtainable from thti oven, 930”C. A mall hole

was drilled in tha stainless-steel caaa of the caramic heater cartridge. A

chromml-alumel thermocouple was mounted in the hole~ flush with the surface.

The phoephor was ●pplied to the •e~ ●round the hole. The oven chamber con-

taining tho cartridso was fluehed with dry nitrogen during operation to minimize

corrosion of the stainleea steal. The LIF from the phosphor i- ●xci~ed by

337.1-nm radiation from the N2 laser that wae brought into the oven via an op-

tical fiber. The LIF was focuned on the ●ntrance ●lit of the monochrornator,

which wa- used to select the 612-nm line. The came setup was umed with the

monochrometor in ita scanning mode to locate candidate spectral lines. The

data from many laser pulees ●t ● Uiven temperature were Uathered ●nd analyzed

by the Biometlon transient recorder ●nd the Tektronix wavefom-proctoring

oscilloscope,

The results ●re shown in Flu. 2. Above 700°C, the data ●re linear on ●

eemilog plotr nhowina the desired well-behaved charactariotict Tlm 612-nm

lina from this phosphor is n~t usable below 700°C, but thero are other linem

that ●ra useful in this ranse.

7he experimental setup la preeently being aodified to ●xpand the tam-

peraturfi ranga to our goal of 1150’C.
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Fig. 1. Exparimntal a~tup for maanuring pulaad laocr-induccd-
fluorooc,nca dacay lifotim ●s ● function of tamporatura
for ●uropium-dopad yttrium oxldo.



Fig. 2. Expcrimsntal raeulto from ●atup in Fi~, 1.



l’hc yttrium oxide, a csramic, ●ppears to be chemically inert to ●bova

925”c. Whether it will be stable over scvaral temperature cyclao, or whether

the ●uropium dopant atome will diffuse out, has not yet been datGrmiaad.

Sevaral bonding mahode for high temperatures have been considarod. Thaee

includa ●odium and potaeoium eilicatee, glaea frita, sputtarin8, flame spray,

4
and ● naw photoreaiet technique. Preliminary reeults show that tha ●ilicatee

●re transparent to uv and can easily be ●prayed. However, they ●re difficult

to outgae completely of their trapped water vapor. It may be pooeible to im-

prove this vith ● vacuum oven.
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A propoced tachniqua for rmotaly ~aaeuring temparaturas of moving ●nd ‘
stationary rotor ●nd scator components in operating turbine ●nginee 1
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*M Wlnlqua Wld tlWOda to a pfOMWl: i.

Basad on ● mathod wa dsvoloptd recently to mam.ura temparaturam in a gae I
cantrifugmoporating ncmr room tomparature in a vacuum. Extanaion to turbine
ttmporatur~s, prassuras, and matarials by investigatinghigh-tamparatura

mathodg,

- d -nt -h#aW:
Initial data arc brand-new, ●O not yat ●xtanmive. Conclusion ●o far lo that
●t laamt ont phosphor, wrnpium-dopad yttrium oxida, is usable to 950”C.
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